INTRODUCTION
. Urea at 2-5% dilution is the most common form of nitrogen applied for these purposes. Leaf scars are a major entry point for N. ditissima infections (Swinburne 1975; Weber 2014) . Application of ethylene diamine tetra-acetic acid copper (EDTA-Cu) effectively accelerates leaf-fall (Dong et al. 2002b) and shortens the time required for leaf scar protection against N. ditissima infection. The aim of three field trials reported here was to determine the effects of nitrogen, as either urea or calcium nitrate with or without EDTA-Cu, on leaf scar susceptibility to N. ditissima.
MATERIALS AND METHODS

Field trials
Three field trials were conducted on cultivars 'Braeburn' (2013-14 growing season), 'Royal Gala' and 'Scifresh'/Jazz™ (both in 2015-16) in the Tasman region of the South Island, New Zealand (Table 1) . Trial 1 was conducted on mature, centre leader 'Braeburn' trees at the Plant & Food Research orchard, Riwaka; Trials 2 and 3 were conducted on grower properties in Mariri and Waimea, respectively. In Trial 2, the trees were managed with a centre leader semi-intensive system, while for Trial 3 they were in a mature vertical axis intensive system. The treatments were identical in Trials 2 and 3. Treatments were applied by motorised knapsack (Echo-170SI) at 1700 (Trial 1), 1600 (Trial 2), or 1200 (trial 3) litres of water/ha. Trees were sprayed to achieve good leaf coverage (but not run-off), and water rates were adjusted according to canopy and tree height (i.e. variable rate spraying). The treatments in the three trials were replicated three (Trial 1) and four (Trials 2 and 3) times and arranged randomly (Trial 1) and in randomised complete blocks (Trials 2 and 3). Plots consisted of five trees (Trial 1) and two trees (Trials 2 and 3), with a tree at each end of each plot as guard trees.
The dates of each treatment application for both trial locations are shown in Table 2 . For the after-picking spray applications, treatments were applied the day following the completion of fruit harvesting.
Wounds and inoculation
In Trial 1, treatments were applied at the commencement of natural leaf fall. Leaf scars were created 10 days after treatment application by removing three (preferably senescent) leaves per shoot. Selected shoots were labelled and leaf scars marked with a paint pen (Walter et al. 2015) . In each plot, there were up to 30 shoots which were inoculated with a N. ditissima spore suspension (ca 1×10 5 conidia/ml), prepared from naturally occurring canker lesions, as described by Walter et al. (2015) .
In Trials 2 and 3, in each plot 30 spurs with 1-2 picking wounds per spur were selected and tagged for after-picking inoculations. Trial 2 was inoculated on 14 March 2015 and Trial 3 on 3 April, following the application of the nitrogen treatments (Table 2 ). All 30 picking wounds were inoculated with freshly made spore suspensions of N. ditissima (adjusted to 1×10 5 conidia/ml concentration), as described above.
For the leaf fall applications, leaf scars were made after the spray treatments. In each plot, 32 shoots were selected and three leaf scars per shoot were inoculated and tagged for the leaf scar inoculations. Trials 2 and 3 were inoculated on 21 May with freshly-made spore suspensions (1×10 5 conidia/ml). At the Trial 3 site a further 40 shoots were tagged and inoculated with a 10-fold dilution rate of 1×10 4 conidia/ml. For all spur and leaf scar inoculations ca 20 µl of spore suspension was applied to each wound using the droplet-brush method described by Walter et al. (2015) . Assessments for European canker incidence were made monthly, with a final assessment in February 2016. Infected shoots (and spurs) arising from artificial inoculations were enumerated and removed at each assessment (even if only one leaf scar showed symptoms).
Nitrogen concentrations
On 17 March (Trial 2) and 7 April 2015 (Trial 3), 24 non-inoculated picking scars (whole spurs) were randomly selected, removed from each plot, placed in separate bags and frozen. Twenty-four leaf scar and bud samples (leaf scars+buds) were similarly collected on 23 May (Trial 2) and 4 June 2015 (Trial 3). Leaf scars and buds were excised with a craft knife by making a V-cut. Both tissue types were then analysed at Hills Laboratories Limited, Ruakura, New Zealand, for percentage nitrogen content.
Fruit set assessments
In all three trials, for each plot, 20 branches were selected and counts made of numbers of flower After picking 18.6 9. Calcium nitrate 6%+Bud-Wiser 7 kg/ha After picking 18.6 1 EDTA-Cu was a granulated product (14% Cu w/w) marketed as Librel® (BASF). Urea was supplied by Fruitfed mixed in at 5% or 5 kg/100 litres 2 EDTA-Cu was a liquid product (14% Cu w/w) marketed as GroChem Trace-it™ Cu (GroChem) 3 Captan (Fruitfed Captan 800 WG) was used at 1.2 kg product per hectare 4 Calcium nitrate was provided by Fruitfed 5 Bud-Wiser (GroChem) is a postharvest foliar trace element containing boron, zinc and magnesium clusters. Once fruit set was complete (just before hand thinning in December), the number of fruit and branch cross-sectional areas (BCA) were recorded. An indication of fruit set was calculated as the number of fruit per original number of flower clusters per cm 2 of BCA.
Statistical analysis
Where appropriate, data were subjected to analysis of variance (ANOVA) using the statistical package R, and a scatter plot of the residuals was examined for deviation from the ANOVA assumptions. Differences in treatment means were determined by conducting Fisher's LSD test (P<0.05). Coefficients of variation as a percentage (CV%) were calculated for all variables analysed.
RESULTS
Nitrogen concentrations
Nitrogen concentrations in spurs were overall greater in Trial 2 ('Royal Gala') than in Trial 3 ('Scifresh'/Jazz™) (P<0.05) (Table 3) . Generally, all treatments resulted in higher mean percentage of nitrogen in treated spurs compared with the unsprayed control, although the differences were not significant (P>0.05). Similarly, nitrogen concentrations in leaf scars following the leaf-fall applications were generally greater in Trial 2 ('Royal Gala') than in Trial 3 ('Scifresh') (P<0.05). However, in both trials there was a significant treatment effect for nitrogen concentration in leaf scars (Trial 2 P=0.046, Trial 3 P=0.031). In both trials the EDTA-Cu+5% urea applied at leaf fall resulted in a higher bud nitrogen content than in the control leaf scars (Trial 2 1.63% vs 1.48%, Trial 3 1.55% vs 1.39% nitrogen, respectively). In both trials the second highest leaf scar nitrogen content was produced by the 5% urea treatment applied at leaf-fall. While not statistically different from the untreated control in Trial 2, this difference was significant in Trial 3. For the other nitrogen treatments there was no difference in leaf scar nitrogen concentration between any of the treatments and the control (P>0.05).
Picking scar lesions
Mean incidence of spur canker from picking scar infections ranged from 1.8 to 4.5 per plot in Trial 2 and 14 to 16.3 per plot in Trial 3. There were no significant differences between treatments at either site (P>0.5, data not shown)
Leaf scar lesions
In Trial 1, there were no differences in leaf scar lesions (P>0.05) between treatments not containing urea, with 1.7 to 8.7 lesions expressing symptoms per plot. However, the EDTA-Cu+5% urea treatments resulted in significantly more lesions (P<0.001) than the other treatments, (Figure 1 ). Similarly in Trials 2 and 3, significant (P<0.001) treatment differences in leaf scar disease incidence were observed. All the nitrogen treatments resulted in more European canker lesions than in the untreated controls (Figure 2) . All treatments applied at leaf-fall increased disease incidence compared with incidence in the untreated controls. For the 5% urea-only treatment, this was more than a nine-fold increase in disease. For the 2% urea-only treatment, there was seven-fold increase in disease. The EDTA-Cu+5% urea treatment resulted in less than half the incidence of infected leaf scars that was seen in the 5% urea-only treatment. The 6% calcium nitrate treatment applied at leaf fall in Trial 2 resulted in a four-fold increase in canker incidence (Figure 2) .
At the Trial 2 site, the lower rate of inoculum resulted in fewer infected buds than the standard concentration, although the pattern among treatments was very similar. The low inoculum rate also resulted in a significant (P<0.001) treatment effect, with both the 5% and 2% urea treatments applied at leaf-fall having more than twice the shoot canker incidence recorded than in the untreated control. Disease incidences in other treatments were no different (P>0.05) to the untreated control (Figure 2) .
In Trials 2 and 3, treatment applications after picking did not result in different numbers of leaf scar cankers between the untreated control and the nitrogen treatments (P>0.05). However, the 2% urea application in both trials resulted Table 2 for full treatment descriptions. Trial 2 was 'Royal Gala' and Trial 3 was 'Scifresh'/Jazz™. Means accompanied by the same letter are not significantly different (α>0.05). Standard and low conidium concentrations were 1×10 5 and 1×10 4 conidia/ml, respectively. in greater (nearly double) European canker incidence of leaf scars (Figure 3 ), although this effect was not statistically significant.
Fruit set
There were no treatment effects (P>0.05) on fruit set in any of the trials. In Trial 2, however, there was a significant treatment response (P=0.013) for mean fruit number per branch circumference area. The treatments of EDTA-Cu+5% urea at leaf-fall and 6% calcium nitrate+Bud-Wiser™ applied after picking resulted in greater mean numbers of (respectively) 18 and 16.9 fruit per cm 2 BCA than recorded for the untreated control (12.9 fruit per cm 2 BCA). These were, respectively, 40% and 31% increases in fruit number per BCA.
DISCUSSION
The application of nitrogen at early leaf-fall increased European canker lesion development from leaf scar inoculation by up to nine times. Increased disease incidence resulted from all forms and concentrations of nitrogen tested. Disease incidence was greatest for urea, which is commonly used at leaf-fall for black spot control. The nitrogen residues in leaf scars were elevated after leaf fall nitrogen applications. The role of nitrogen in N. ditissima infections is unclear. Over and under supply of nitrogen in plants has been associated with increased infections in other pathosystems (Huber & Watson 1974) . Generally, obligate and biotrophic pathogens respond differently to nitrogen concentrations in plants compared with necrotrophic pathogens, with an increase in susceptibility of plants to biotrophs, and a decrease in susceptibility of plants to necrotrophs (as reviewed by Fagard et al. 2014) . While the modes of action remain unclear for many pathosystems, the authors describe how pathogen virulence may be affected by the nutritional status of the plant.
In the case of urea, both the supplemental nitrogen and the additional tissue damage by urea (Wood et al. 2008 ) may make the plant tissue more susceptible to infection, and result in increased symptom development. Wood et al. (2008) have reported that urea concentrations >5% cause bud damage. Increased plant vigour resulting from soil applied fertilisers has been associated with increased apple tree susceptibility to N. ditissima infections (Swinburne 1975) . To our knowledge, however, the effect of foliar applied nitrogen on N. ditissima infection has not been studied previously.
Timing of the nitrogen application is of importance, with fewer leaf scars developing from the earlier after-picking nitrogen application compared with the later during leaf fall application. More data will be required to validate the lack of risk from post-picking nitrogen bud fertilization on leaf scar and picking wound susceptibility. Caution should still be exercised in applying foliar nitrogen to trees, especially in blocks with histories of moderate to high rates of European canker. Further research investigating postharvest application of nitrogen to the soil, and the effects of this on Table 2 for full treatment descriptions. Trial 2 was 'Royal Gala' and Trial 3 was 'Scifresh'/Jazz™. CN = Calcium nitrate. There were no significant differences (alpha>0.05) among treatments for each site.
European canker infection, should be considered.
In combination with nitrogen, less disease developed where EDTA-Cu was applied, suggesting that premature leaf abscission may also have affected the amount of foliar-applied nitrogen translocated to the bud area of treated trees. More work on nutrient translocation and long-term bud fertility using EDTA-Cu is needed. Fruit set was affected neither by EDTA-Cu-assisted leaf abscission, nor by the lack of application of postharvest foliar nitrogen. This indicates a limited benefit of postharvest foliar nitrogen sprays, in terms of increased fruit set and yield other than under nutrient-deficient growth conditions (Dong et al. 2002a) . Nitrogen supplements are not always required as shown by Reay (1988) . Yield in 'Granny Smith' apple trees that had not had nitrogen applied for 20 years remained unaffected and were consistently producing more than 100 t of fruit per hectare. Nutrient calculations suggested that only a small amount of nitrogen was required to top up nitrogen inputs from natural sources, such as nitrogen fixation and breakdown of organic matter. Fisher (1952) reported that trees receiving three foliar urea applications had yields similar to those with a similar amount of nitrogen applied to the soil. Assessment of the necessity for foliar nitrogen applications to provide quality fruit production in modern production systems was beyond the scope of this study.
The amount and type of nitrogen applied also affected leaf scar susceptibility to N. ditissima infections and symptom development. More leaf scars developed lesions in treatments consisting of 5% urea ≥ 2% urea ≥ 6% calcium nitrate for 46, 18.4 and 18.6 kg nitrogen/ha, respectively. Further research is needed to understand these interactions and relationships.
In conclusion, foliar application of nitrogen at leaf fall nitrogen for black spot control should be avoided in blocks at risk of N. ditissima infections. Urea for black spot control can be made onto the fallen leaves on the ground (Beresford et al. 2000) without increasing the risk of European canker lesion development. EDTA-Cu applications shortened the leaf fall period and reduced N. ditissima infections and lesion development without adversely affecting return bloom and fruit set. As a result of this research many New Zealand growers have largely stopped using urea-based foliar nitrogen fertilisers before leaf fall, and consider other factors affecting N. ditissima infections before applying nitrogen immediately after harvest (Walter et al. 2016) .
